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GROUNDED NEUTRAL TRANSMISSION LINE

BY W. E. RICHARDS

ABSTRACT OF PAPER
The paper describes the conditions on the system in Toledo

which was originally delta-connected. Serious trouble was ex-
perienced when a short circuit occurred especially with syn-
chronous apparatus connected to the line which invariably failed
due to the voltage drop occasioned by the severe short circuits
on the delta system. This trouble was overcome by changing
the transmission to a Y system with the neutral grounded. The
effect of a short circuit with the new connection has been de-
cidedly minimized.

THE subject will be treated with especial reference to the
operation of a grounded-neutral transmission line having

several elements not always desirable in handling high-tension
voltage within city limits, namely, extremely high and long-span
construction connected directly with an extensive underground
transmission with its various connections to conversion appa-
ratus.
The system in Toledo was built more on the line of develop-

ments following existing industrial requirements than a pre-
arranged system where future requirements were anticipated.

In this case, an industry, by reason of circumstances, was
located some four miles from the generating station. Con-
ditions were such that it was not desirable for the customer
to generate his own supply. His requirements started with
a demand of from two to four thousand kilowatts, with the
ultimate expected demand of eight or ten thousand. As the
industry has exceeded their expected increase, the demand
on this system will shortly run to sixteen thousand kilowatts,
and possibly greater.

Geographical conditions and city ordinances determined that
this transmission should be in part purely underground. There
was fortunately located onathe route selected, several sub-
stations which were badly in need of additional energy and
such other developments that the company had in mind, that
it was decided to install a 23,000-volt 25-cycle system, it being
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834 RICH ARDS: GROUNDED NEUTRAL [June 24

felt that this was the limit of successful high-voltage under-
ground operation. Certain features presented themselves at
this time which made it desirable to have the transformers delta
connected. This feature was thoroughly discussed and at that
time no serious objections presented themselves and it was put
into operation the early part of the year of 1915.
Some trouble developed due to weak spots in cable and joints

but these faults were surprisingly low, considering the quantity
of cables that were put into service at this time.
The system rapidly settled down to a successful continued

operation and no faults developed that did not have a reason-
able explanation, such as fault in material and joints, and
joints not properly made.

Since correcting this condition the system has operated
successfully with reference to the general plan, but a serious
condition arose when a short circuit occurred, particularly
disastrous to synchronous apparatus connected with the system,
which would invariably fail by reason of the voltage drop
occasioned by the severity of a short circuit on the delta system.
The cables suffered severely, and in fact, in some cases the
covers of the manholes blew off, taking on more the nature
of an explosion if the short circuit occurred in the manhole.

It was then decided to change this transmission to a Y
system with the grounded neutral. The transformers being
constructed for delta operation, it was necessary to take the
core out of the case, cut the coils apart and parallel them for
23,000 volts Y. A five ohm-resistance was inserted, which
afterwards was removed, thereby operating the neutral direct-
ly to ground. The results of a cable failure now has a decidedly
different effect.

In some cases no superficial evidence is present at the point
of failure, and when such evidence is present, it is not of a
severe nature to destroy adjacent cables and in no way presents
the disastrous appearance as when trouble would occur with
a system operating delta.

It is true that by experience a better understanding of
protective apparatus resulted in changes to such apparatus
which were beneficial, but it was felt that the successful oper-
ation of this system was largely due to the change from delta
to Y grounded.

Referring to the Figs. 1, 2 and 3, the system is graphically
shown, and presents some unique features as before mentioned.

Fig. 1 is the general scheme of the transmission, carrying
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such information as will give the physical characteristics of
the system.
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Fig. 2 is a one-line diagram of the system, showing protec-
tive apparatus.

Fig. 3 is a detail of the landing tower of the river crossing.
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With reference to this crossing, it might be interesting to
note that no trouble has been experienced by insulator failures
due to lightning or other causes. This part of the system has
passed through some severe lightning storms, but has shown
no sign of weakness, due largely to the fact that the insulator
values are about 200 per cent above working voltage, the disk
type being used on the short spans, and the well known oil-
insulated wood strains for the long spans.
The system has been in successful operation now some two

years and is considered by this company as being successful
in all points of construction.
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DISCUSSION ON "TRANSMISSION LINE RELAY PROTECTION"
(WOODRow, ROPER, TRAVER, MACGAHAN), "GROUNDING
THE NEUTRAL OF GENERATING AND TRANSMISSION SYS-
TEMS" (WOODROW), AND "GROUNDED NEUTRAL TRANS-
MISSION LINE" (RICHARDS), LAKE PLACID, N. Y., JUNE
24, 1919.

PROPOSED RELAY NOMENCLATURE
J. R. Craighead: The terminology expressed in this paper

is open to an objection in the heading of the first definition.
The heading reads, "Electric Protective Relay," and the
definition that follows is so worded as to include other than
protective devices. For instance, a telegraph relay is included
in the definition according to its wording.

While there is a distinction between protective relays and
relays for other operating purposes, that distinction does not
belong in the definition itself, but rather in a classification of
relays which is subsidiary to the general definition. The word
"'protective," therefore, should be omitted from the heading.

J. A. Johnson: It is not quite clear to me why an exception
is made in the use of the generic term in the case of the "watt
relay." Why not "power relay" in conformity with "current
relay," "voltage relay," etc., and also with "power directional
relay"? I would suggest that the designation of "power re-
lay" be chosen.

A. H. Lawton: I would like to suggest that under qualify-
ing terms as applied to relays there be added definitions of
circuit closing and circuit opening. There has always been
more or less confusion as to whether a relay should be called a
closing circuit relay or a circuit opening relay, and I think the
subject needs definition as to the action which the relay has
upon its tripping circuit.

E. E. F. Creighton: The question of terminology is very
interesting to every one who sat in the Committee. We hope
that these terms will be continued and used, and thus avoid
a great deal of confusion. The discussion on each term was
long, and although objections can be made to each one, we
finally, in spite of those objections, accepted the term as the
best one possible.
One comes to me now the word "instanitaneous." We are

now working along lines where the word "instantaneous"
might mean a tenth of a second, a sixtieth of a second, or
even one-two hundredth of a second. Instantaneous is a
misnomer.
H. T. Conover: Mr. Creighton deplored the use of the

word "instantaneous" to describe the relay operation, and
some time ago when this report was being discussed at the
Bureau of Standards, the same feeling was expressed there,
and at that time the word "immediate" was suggested as a
substitute for the word "instantaneous." I would like to
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offer that to the Committee as a suggestion. While the word
"immediate" leaves something to be desired, it certainly has
not the rigor and the absolute characteristics that the word
"instantaneous" has and would be more liberal and allow for
an operation that is rapid but at the same time does not take
place in zero time.

0. C. Traver: The term "Electric Protective Relay" was
proposed in an effort to restrict the field to be covered by the
other terms, wbich followed it. Possibly, some other prefer-
able means of accomplishing this purpose will be substituted
at a later time.

There seems to be but slight preference between thle generic
terms "Watt Relay" and Power Relay." Even if "Power"
should be the better when used alone, the combined term
"Over Power" is considered very objectionable on account of
previous usage.

Circuit closing and circuit opening contacts might well be
defined.
Although objections may be raised to the term "Instan-

taneous," it must be remembered that in the physical world
there is no such thing as instantaneous action in the absolute
sense. Practically, universal usage sanctions "Instantaneous"
as applied to relays, and as no confusion results there seems
to be no reason for changing to some other term, possibly no
more accurate.

PRESENT DAY PRACTISE OF TRANSMISSION AND TIE LINE
RELAY PROTECTION

J. R. Craighead: This paper emphasizes the fact that we
cannot specialize too narrowly on one branch of engineering
without inviting trouble in other allied branches. The trans-
mission line engineers have for a long time chiefly given their
attention to the questions of efficient transmission, safety and
protection in other senses than relay protection, and have
consequently allowed relay protection to be developed as a
separate art which must be adapted to transmission lines con-
structed without consideration of relay profection.

J. A. Johnson: As networks become larger by the inter-
connection of systems, the necessity for better means of isola-
ting faults with a -minimum of disturbance becomes greater.
The delay of seconds after the occurrence of a fault and the
use of reactance are, after all, but make-shifts adopted on
account of the limitations of the circuit breaker and ought not
to be, and, in my opinion, will not be permanently tolerated.
Some other means must be found to accomplish the purpose, and
I believe that we must look for it in improvements in the cir-
cuit breaker itself. It may well be that some entirely new
and revolutionary principle of operation will be the means of
accomplishing the result, but in any event I am convinced that
a big advance in the effective isolation of faults by more ef-
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ective circuit breaking devices is on the books for the near
future.

I would invite the attention of inventors to this problem.
We have accomplished much, but we must guard against
the self-satisfied attitude, keep in mind the ideal to be attained,
and strive forward to the day when the size limitations of
transmission networks will disappear and the isolation of faults
take place instantaneously and entirely without disturbance
to operation of unfaulted circuits.

I believe that the future system should be the reverse of the
present practise in that the time of operation of relays should
become shorter as the generating station is approached, as
the disturbance to the system is greater with short circuits
near the generating station, and consequently such trouble
should be cleared from the system in the shortest possible
time.
* P. Torchio: Referring to Mr. Johnson's remarks, I fully
appreciate, and I think most of us appreciate, the work of
development of the Protective Devices Committee. We have
with us at present only two solutions to cope with the require-
ments of handling large powers, and the two are either the
balanced system, including split conductor or pilot wire, or
the other system developed by American engineers in the last
few years, depending on selectivity by timing relays.

Mr. Johnson gave a knock-out to the development of this
system of protection because necessarily if a system of that
kind depends on having the longest time of selectivity on the
relay near the station, that must be the last to go. Mr. John-
son is probably right in aiming at an ideal goal, that ideal goal
being the development of a circuit breaker that will open any
kind of short circuit, and any amount of power. He does hope
that such development will be made, but to my knowledge
there is not now on the market a circuit breaker that will cope
with the stresses imposed by opening a circuit as met in a
central station of large size.
Now, with the failure of the large circuit breaker, we have

followed another line, to reduce the amount of power that will
go into a short circuit. If we reduce the amount of power
that will go into a short circuit, and that is the only practical
way that we now have available, then we can use the selective
relay that these engineers are developing.

So I do not want to discourage this American development
because I believe that at present it is the right line to follow.
We have no other alternative from an economical standpoint,
and I believe that from an engineering standpoint it can be
made successful.

J. A. Johnson: I had no intention whatever of casting as-
persions on the present relays; on the other hand, I have every
admiration for and desire to express appreciation of the work
that has been done. I believe that under present conditions,
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and with the apparatus that is at present developed, the lines
that we are following are right. They are the best that we
can do.
The ideal purpose will perhaps be accomplished in cable

systems by means of the differential principle, which in a
great many cases, enables faults to be disconnected before
they develop into short circuits but on the other hand in
high-tension overhead lines, I firmly believe that some new de-
velopment of circuit breakers, carrying with it a new develop-
ment of relays, has got to be made and I simply want to en-
courage progress in that direction, not at all to disparage
the progress that has been made up to the present time.

D. W. Roper: I would like to add a word about the maxi-
mum delay of relay operation and its effect on the synchronous
apparatus.
Some years ago, in the course of switch experiments by the

Commonwealth Edison Company, some large generators were
made with the reactance coils in series. Experiments were
made to determine the effects on synchronous apparatus in
case of short circuits at the bus and at some distance electri-
cally from the bus. The experiments showed, and subsequent
experiments have verified, that a short circuit on the bus will
disconnect the synchronous apparatus, regardless of how
quickly you open that short circuit.
The types of breakers that we have available apparently

would not open the short circuit quick enough to prevent
disconnecting the synchronous apparatus in the substation.
If, however, the short circuit, instead of being on the bus is a
comparatively slhort distance away-a hundred or two feet on
a cable so that you get a perceptible amount of resistance
in series in the are, then the synchronous apparatus will not
be disconnected if the breaker on the transmission line operates
properly and in the correct time.

There are, however, other effects that have to be safeguarded
and one of them is the effect of the burnout on other lines in
adjacent conduits. Our experience indicated that in the days
when we had the instantaneous relays, the ordinary burnout
resulted in a small hole in the lead sheath of the cable, perhaps
half an inch or an inch or two in diameter, depending upon the
location with respect to the station.
As we introduced a time element into the operation of the

breakers, we got larger burns on our cable so that with these
delayed actions of two seconds or thereabouts, instead of hav-
ing a small hole in the cable we now very generally involve all
three failures in the cable burnout before the breaker opens,
and sometimes there is perhaps two or three feet missing.
That is one of the many important things that we now have to
guard against in these burnouts.

If you have an eight-second limit, as one man has suggested,
I venture to state that on the system of the Commonwealth
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Edison Company, we would in nearly every case involve other
cables in the conduit by burns through the conduit system into
adjacent ducts. Our experience has indicated that to be the
case with very much less than eight seconds, where the relay
not operating properly had delayed the action to perhaps three
seconds.

P. H. Adams: We are using a maximum setting of two
seconds on the lines of the Public Service Electric Company of
New Jersey, under short-circuit conditions. These relays, on
overloads as high as 100 per cent, operate at from six to ten
seconds. I believe that the Committee intends that the two
seconds value should apply to short-circuit conditions and not
to overload conditions.

R. N. Conwell (by letter): Many operating companies
are undoubtedly making trial installations of newly developed
relays or relay schemes to fulfill certain conditions in their
systems. I would suggest that complete reports to the Pro-
tective Devices Committee on the operation of these trial in-
stallations would prove of great value if compiled and pub-
lished annually, for in this way, wasteful duplication would be
eliminated and real progress obtained. The Protective De-
vices Committee should also maintain a list of trial installations
so as to afford opportunity for simultaneous tests of several
different types of relays or relay schemes for the same con-
ditions.
The co-ordination of transmission, station and substation

design, and the application of protective relays is necessary
in all systems, but as systems increase in size, the matter in-
creases in importance. A new line loses much of its commercial
value if it is so connected into the system that trouble cannot
be properly sectionalized. Tie bus or section reactances do
not completely fulfill their fujnctions if the transmission sys-
tem is so interconnected that these reactances are shunted
by lines, thus increasing the requirements for discrimination
on the part of the relays, in addition to subjecting much of
the transmission system to needless strains under short-circuit
conditions. Careful grouping of lines from the standpoint of
relay protection as well as operation will undoubtedly result
in the minimum cases of trouble, minimum short-circuit cur-
rent, minimum discrimination required of the relays, and min-
imum interruptions to service.

Careful analysis of many systems will reveal the fact that
more effective protection may be obtained by changing opera-
ting schedules to conform with relays already installed. The
possible slight reduction in efficiency in transmission will be
more than compensated for by the reduction in the number of
interruptions.
The effectiveness of any application of relay protection is

dependent upon complete cooperation between those having
charge of operation and those having charge of the protection
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of the system. The most carefully planned application of
relays for transmission line protection, and the most carefully
calculated settings will fall far short of the requirements if
the system is not normally operated in such a way that the
relays may function as designed and set.

A. W. Copley (by letter): In this paper the authors have
laid emphasis upon the desirability and importance of taking
into account the relay system to be employed when a trans-
mission system is being planned. At times, however, depart-
ure from standard relay practise may be warranted, because
of certain advantages in a type of system for which relay pro-
tection has not been entirely developed. The recurrence of
similar cases finally brings the new development into the stand-
ard class.

C. P. Osborne (by letter): The average operating engineer
is prone to let well enough alone, especially during such times
as we have been passing through in the last few years whlen it
was difficult to secure financial assistance for betterments.
The company with which the writer is connected cannot

boast of its relay protection. However, in a country where
there is a small amount of lightning and where weather condi-
tions are more or less uniform, I feel that protective devices
are not as important as in a more severe climate. My experi-
ence is that it has been only in recent years that manufacturers
have put out protective relays which are a real protection to
a transmission system. The Bellows type relay has proven
one of the most satisfactory in the writer's experience, but it
must be properly taken care of and tested periodically and
even then its protection is not of the best. The experience of
a great many companies certainly shows that the a-c. relay
does not give the protection to transmission systems or tie
lines that the d-c. controlled relay does. One of our greatest
troubles with high-tension oil switches, where a-c. trips are
used in series with the line for protection, is the inaccuracy
of the relay. The writer has found it necessary in some cases to
change the mechanism to get a relay to properly trip, and our
opinion is that the manufacturers have not as yet gotten an
a-c. relay for high-tension transmission lines which is accurate
enough to give the operating engineer assurance that his lines
are protected and his circuit breakers will open when line
trouble is experienced. Where there are four or five high-
tension lines generating from stations feeding into a network
at the main distributing point where all tie lines are in parallel,
it is too often the case that trouble on one high-tension line
will cause disturbances which will affect the whole system.
Especially is this true if one line should have a swinging ground
and we have frequently found this to be the case where insu-
lators are breaking down I am a firm believer in running
grounded neutrals on high-tension lines where it is possible.
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The authors of the paper bring out a point in the first para-
graph of the fourth page of the paper which seems to the writer
is putting the reliability of the relays up to the operator n-
stead of making them more or less fool proof and automatic.
I do not believe the operator should in any way be responsible
for the action of the relays, except that the relays must be kept
n good working condition.

It is difficult for operating companies to keep up to date on
relay installations as any installation which is two or more
years old is more or less out of date. The advances in recent
years make so many different changes and different k:nds of
relays for protective apparatus that the operating companies
are often at sea to know just what to order for giving the best
protection to their lines.

P. M. Lincoln: I think the work that this Committee
is doing is one of the most important that we have before our
Institute. The thing which our transmission systems and
supply systems must have above everything else is reliability.
Service must be reliable and as systems increase in size we have
two elements that are working against that quality. In the
first place, the very fact that the systems increase in size and
extent of itself makes them more vulnerable because of the
greater amount of apparatus and equipment and lines which
are exposed to the possibility of trouble spreading. In the
second place, the need of greater reliability becomes greater
as the system increases in size. If the larger systems cannot
give service without the possibility of continual interruptions,
the service loses its value. I certainly hope that the Committee
will continue its work and give us in the future, as they have
in this report, resumes of the advances that are made from time
to time in protection of systems.

C. P. Steinmetz: Broadly and bluntly speaking, the prob-
lem of relay protection essentially consists in producing a
simple, reliable and automatic device to disconnect an abnormal
circuit without interfering with the operation of any normal
line. This problem has not yet been solved. The formidable
difficulty in the way of solution of the problem is that the ab-
normal currents or voltages exist not only in the abnormal
circuit element but also in many or most of the normal circuit
elements. And therefore, any device depending on the exist-
ence of abnormality of current and voltage would not inher-
ently discriminate between the normal and abnormal circuit
element, and cannot solve the problem.
The attempt of solution thus has been made discriminating

by the degree of abnormality, which means time element.
This is the present solution which naturally is limited, as you
all know. Therefore, the problem on the whole is to discrim-
inate between normal and abnormal circuit elements, and it
still stands unsolved as the most formidable and most import-
ant problem before you.
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E. T. Moore: I presume the discussion of this paper from
an industrial man's standpoint is rather different from that of
a distributing company. However, the functioning of a relay
is common to both viewpoints and I therefore venture a ques-
tion regarding the protection of a feeder line carrying energy
to an electric furnace. Are the present types of relays capable
of giving necessary protection? Certainly no type except
the induction type, and even these will not always function in
the same time and in the same way in each instance of overload.

N. L. Pollard: I would like to emphasize the necessity for
each system to have some one man who is thoroughly familiar
with the relay situation to have charge of the relays. It is
certainly a waste of money to install expensive relays and then
neglect to properly maintain them. The man in charge of the
relays should be properly equipped with suitable timing and
calibrating instruments.

R. F. Schuchardt: It seems very strange how long it
took for us to appreciate the marked effect of these relays on
the investment. We were all apparently too willing to wait
for the coming of perfection instead of using the best that was
available, and having the development take place by experience
rather than expecting too much from the manufacturing en-
gineer.

Perhaps five or six years ago, we in Chicago came to the
conclusion that we must realize some of that saving in invest-
ment which is possible by fairly complete interconnection of
the transmission system. We tried what was best at that
time. We built an artificial line by using some of the existing
lines in part and adding artificial sections in a substation and
tried out what was then available. As a result, certain im-
provements were made and we put the improved devices on
our system.
What is now found on the Chicago system is the result of

that experiment and because of the extent of that system
with its 800 odd miles of underground transmission lines, the
experience may be of interest since sooner or later other com-
panies will grow and will have to meet the same problems
that we have had to solve.
During the war we were forced to look for more opportuni-

ties to save on our investments, so we put into effect more
interconnections requiring relays, even though we knew they
were not perfect. A description of the system used in Chicago
was contained in a paper before the Institute some time ago.
Some of you may be familiar with it, and the main elements
are contained in this report. The system is a combination of
time-element selective relays, unidirectional relays and bal-
anced relays.

It is a rare case now when the relay system fails. We do
have times, occasionally, when more than the faulty line is
disconnected but those are not by any means a very large
proportion of the total failures.
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Now, I want to emphasize particularly one statement made
in the report with reference to the ability of the men employed
to maintain the relays because it is only by having the proper
talent applied at that end and learning from their experience
that the manufacturers will be able to know wherein to im-
prove.

I would like to see the Protective Devices Committee serve
throughout the year as a clearing house. Such a scheme was
recently put into effect by the Electrical Apparatus Committee
of the N.E.L.A. in which the member companies send to that
Committee, descriptions of all cases of apparatus operation
that they think might help to indicate in which direction the
development should be.

J. C. Parker: I would like to emphasize the remarks of
Mr. Schuchardt. The matter of relay protection is one, of
course, of distinct importance in the engineering of our power
stations, primarily of importance only because it involves
insurance of continuity of service, not because of its protection
of the apparatus itself, protection of the apparatus is of im-
portance only insofar as it involves the continuity of service.

If we keep that thoroughly in mind, our question as to the
relative speed of operation of relays close to a fault or close to
the generating apparatus will automatically solve itself.
Mr. Schuchardt called attention to the fact that we are a

little tardy in availing ourselves of the best that has been de-
veloped to date, possibly through a spirit of false economy or
possibly through the desire to wait for the ultimate ideal of
perfection in our apparatus. I rather wonder whether that
is not due to the fact that as engineers we are too little inclined
to recognize the ultimate object in all of our large power sta-
tions which, as in all engineering enterprises, is an economic
one. There is no factor that is more significant in the capacity
of a central station organization to hold and retain business
at a satisfactory earning rate than continuity of service.

I have in mind the instance of one corporation which a few
years ago was forced to accept a reduction in its receipts for
power service from two large customers which, on a five-year
contract, aggregated $50,000, a condition which will doubtless
continue through the rest of the history of that concern. The
reduction in earnings was due absolutely to lack of continuity
of service. Obviously, such a concern might have spent
easily a half million dollars, if necessary, in securing continuity
of operation.

I know at the present time of another very large and very
important concern which faces the loss of several important
consumers because of its failure to isolate faults through
adequate relay protection. If we keep in mind the com-
mercial significance of continuity of service and keep in mind
the actual dollars involved in that sort of thing, I believe we
will not hesitate to spend fairly large sums of money in using
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the at present confessedly imperfect protection devices rather
than waiting for absolute protection.
H. C. Don Carlos: There is one point brought out in the

paper which I wish to question and that is the limit of two
seconds which was set as a maximum time for relays. In the
Ontario Power Company's plant there has been maintained
a time setting of eight seconds on the generators, and on the
cables supplying the hydro system from the Ontario Power
Company we have maintained a time setting of not less than
four seconds. We have never yet had a case of cable failure
on account of this long time setting, so our experience would
not agree with the recommendation in the paper for short
time setting. As a matter of fact on an extensive transmission
system it is impracticable, I believe, to maintain such a short
time setting of relays, as you will readily see that we could
not graduate the relays on long feeders and get selective action
with the difference in time that we would have to give to the
different relays at the different stations. It has been our ex-
perience that we could not maintain a setting of less than
three-quarters of a second difference in time between relays
and get any results. I do not believe that with present type
of relays and circuit breakers they can be depended upon to
duplicate their action. The relays are not accurate enough in
their time relay and the circuit breakers will take longer to
operate one time than another. I would say that this differ-
ence in time between the different successive relay settings
would be necessary.

D. A. McKenzie: I would like to know how the value of two
seconds was arrived at as an ultimate limit. The synchronous
apparatus would be off the system before that time had elapsed
and the extension of the time limit to allow a relay further out
on the system to operate would not increase the damage due
to heating very much.

F. L. Hunt: Regarding the matter of maximum time
setting on relays, I feel quite sure that circumstances under
which we have to operate will control that. We use three
and four second settings right along.

F. C. Hanker: The paper prepared by the Protective De-
vices Committee will go a long way toward establishing uniform
practise in relay protection and brings out very clearly and
definitely the importance of giving full consideration to this
phase of the problem when laying out transmission systems.
The one big advance that is evident is the development of

a relay with a dependable time element that maintains its
accuracy. As late as 1907 the very lack of such a dependable
time element forced the adoption of a control system on the
New Haven electrification, involving the installation of con-
trol wires over the electrified section. The additional cost
was probably on the order of $40,000 to $50,000 and could
have been avoided if we had had the modern types available.
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The importance of the information that has been submitted
is recognized by everybody and it is suggested that the Com-
mittee for the ensuing year continue the work and include
other applications such as balanced protection where cur-
rents are out of phase, as in two-phase three-phase trans-
former banks. The usual schemes for these involve more or
less complicated wiring and special arrangements should be
investigated. Similarly, cases where parallel transmission lines
are involved, having tap connections at sub-stations, should
be carefully analyzed.

0. C. Traver: Regarding Mr. Johnson's comments, it
would be very nice to have a system which would reduce the
time of operation as you approach the generators, but at the
present time in the art there are no relays which will perform
this function excepting so far as inverse time delay will accom-
plish the result. We agree with him entirely on the develop-
ment of breakers for giving us quicker time. It certainly is
something that needs much attention.

While it is true, as Mr. Johnson suggests, that selective re-
laying must sometimes be handicapped on account of circuit
breakers of insufficient interrupting capacity, still the question
of cost will always be a deciding factor, the loss in revenue
due to poor service and of equipment due to delayed action,
being balanced against the increased capital outlay. The evi-
dence submitted by Prof. Parker, though relating primarily
to relay equipment, indicates how one can misinterpret the
effect of these details on dividends.
On the other hand, the use of current limiting reactors, we

consider in general, an aid to good relaying in thiat they tend
to insure ample potential for directional relays and provide
a more nearly definite amount of fault current for all con-
ditions of operation.

Dr. Steinmetz stated that the relay problem still stands un-
solved. That is true much the same as if tLe same remark
were made concerning any otLer matter of engineering, relay
perfection does not exist. This is also the case with the greater
portion of power station equipment in about the same degree.
Relays of a reasonable accuracy are available. The question
has resolved itself into a matter of application more than of
manufacture.
A number have spoken of the maximum interval of two

seconds. There has been discussion on both sides, to increase
it and to decrease it. The maximum interval is largely a
function of the system and the conditions which have to
be met.
A two-second delay maximum is considered advisable; first,

on account of possible damage to equipment, particularly in
the larger metropolitan systems, and second; on account of
the greater liability of synchronous apparatus falling out of
step.



850 GROUNDED NEUTRAL [June 24

The damage to equipment may involve overhead lines as
well as cables. Arc over of an insulator, if cleared promptly,
frequently leaves that insulator uninjured, whereas an addi-
tional delay might cause the complete loss of the line at an
embarrassing time. The effect of sustained shorts circuits on
a cable was brought out in the discussion by Mr. Roper.

SAVINGS EFFECTED BY PARALLEL OPERATION OF FEEDERS
H. C. Albrecht: I do not understand what relation re-

duction of 40 per cent of the burnout of cables on one particu-
lar system has to parallel operation. To me this seems to
be but a coincidence. "After parallel operation was adopted,
the number of burnouts was reduced by 40 per cent."

E. A. Hester: Regarding Mr. Albrecht's statement with
reference to the case cited in which a saving had apparently
been effected by operating feeders in parallel it may seem co-
incident since only one incident was given. However, it has
been called to our attention by at least two other companies
that as soon as they began to operate their transmission lines
in parallel they noticed a very decided reduction of trans-
mission line trouble and consequently a reduction in mainte-
nance cost. The committee made inquiries of several operating
companies regarding their experience along this line but most
of them replied that they had never made the change over
from radial to parallel operation with relays, one method or the
other having been used from the beginning. That the same
should be experienced by three companies who had made such
a change and at a time when their transmission systems were
rapidly growing and becoming more complex would indicate
that a reduction in maintenance cost at the same time that
parallel operation was adopted is more than a coincidence.

TESTING AND SETTING RELAYS
H. C. Albrecht: I question whether or not it is practicable

to test on the primary of the current transformer. It is ex-
pensive and takes considerable time. I would like to have
more information as to where this is being done and in what
manner. I am somewhat astounded at the curves in Fig. 2
showing the error in current transformer testing under various
conditions. I notice that this curve refers to a single-turn
current transformer. It was my impression that one of the
standard lines of these transformers could be loaded up to 400
per cent load with only 2 per cent error, while this particular
curve shows 70 per cent error for four-times load. I also ques-
tion whether this transformer was not a bus type transformer,
and whether we should not differentiate between single-turn
and bus-type transformers, and it seems to me that this is a
very poor record for even the bus-type transformer.
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E. G. Merrick: It is not necessary to reduce the time set-
tings of the relays near the source of power below two seconds
for protection to the generators and transformer equipment, as
a modern generator and transformer will withstand short-cir-
cuit current at the terminals for several seconds without diffi-
culty.
The improved relay situation of the Montana Power Com-

pany, as mentioned by Mr. Lincoln, is the result of a recom-
mendation of a Committee as taken from test table data and
the present operation shows 90 per cent perfect operation.
The present main difficulty is due to high resistance grounds,
which do not give sufficient current to trip out the relays, and
this feature will probably have to receive further consideration
in the future.

R. N. Conwell (by letter): The test schedule which should
be adopted for relays will probably be best determined by
testing the relays very frequently at the start and keeping a
record of all tests. An inspection of the test record will clearly
indicate the time interval which should be allowed between
tests, the interval varying with types of relays, location and
duty.
The test method described on pages 801 and 802 has been

used on the Public Service Electric Company's system with
considerable success on relays connected to high-turn ratio
bushing-type current transformers, used in conjunction with
power-directional and current relays on 26,400-volt transmis-
sion lines. Fig. 1 shows one of the pull boxes mounted on the
side of each outdoor oil circuit breaker, the terminals of the
bushing-type current transformers being brought to a terminal
board to which the relay leads are connected and a pair of
test leads running from binding posts on the switchboard,
through each pull box is connected to two studs on the same
terminal board in each pull box. The relay may then be
tested in shunt with the current transformer by connecting
the testing supply with necessary control apparatus and meters
to the binding posts at the switchboard See (Figs. 2 and 3) and
at the oil switch, connecting with jumpers, the test leads to
the studs, to which the current transformer leads and relay
leads are connected.

Frequently, relays are installed and cut into service with-
out any final check, other than inspection, being made of the
wiring. Experience has shown that even when a standard
color scheme is used for the secondary leads, in fully fifty per
cent of the new installations, the relays will be found to be
cross-phased, a ground connection improperly located, or
some other mistake made which will result in faulty operation.
With the complicated wiring necessary for the more recent
applications of balanced protection, the problem of phasing
out becomes difficult.
A single-phase, four-quadrant power factor meter, reading from
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zero to unity, lag and lead, has been used for work of th's char-
acter, the results obtained being such as to warrant the general
adoption of this test method. If currents are to be phased,
the potential coil is energized by connection to any convenient
110-volt a-c. source of the required frequency. The current
coil is then connected successively in each circuit to be phased,
direct and reversed readings being taken from which the rela-
tionship of the currents may be determined. Currents in
phase will give the same deflections on the power factor meter.
If check readings are not obtained the vector diagrams may be
drawn from the readings and the error in wiring determined.
Although the meter used has the usual cosine scale, a scale
marked in degrees would eliminate the necessity of converting
cosines to the equivalent angles.

For the phasing of potentials, the current coil of the meter is
energized with an artificial load, test current being obtained as
above, the potential coil being connected to the circuits to be
phased.
Two conditions must be fulfilled to obtain satisfactory re-

sults: (1) the excitation of the meter coil used for reference
must remain constant in direction and value throughout any
series of tests and (2) sufficient torque obtained to give correct
indications on the meter. Generally, half load on the meter
with full potential is sufficient.

C. P. Osborne (by letter): There is not enough attention
paid to checking and time-setting of relays by most operating
companies and unless this is followed up by one certain en-
gineer they are very apt to be neglected. The regular routine
testing is, in my opinion, the only way to keep relays in a work-
able condition. The inspection of relays should be made by
every operator on shift every day. This is just as important
as it is for the operator coming on shift to look over the minutes
and discuss with the operator going off shift any difficulties
which he may have had or which may be on at the time of
the change in shift. Relays should be tested under operating
conditions wherever possible, thereby not only checking the
apparatus under load cpnditions, but also giving the operator
a chance to get familiar with the workings of the apparatus.
The writer does not believe that watt-hour meters should be
connected in series with relays where it can be avoided.

N. A. Carle: I think the method outlined will be of assist-
ance in eliminating a few more interruptions due to inaccur-
acies in current transformers.

D. A. McKenzie: One gentleman has questioned the ac-
curacy of the curve in Fig. 2 with reference to the operation
of current transformers. I do not get the distinction between
the single-turn current transformer and the bus-bar type but
would think that both of these transformers would have similar
characteristics. In my opinion the 75-ampere current trans-
former of a single-turn type would not give satisfactory re-
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sults and should not be used in any relay protective scheme
regardless of voltage rating or secondary load, unless possibly
all the current transformers in the series were of the same type
and carried the same secondary load.

I would like to ask if any company has made an investigation
of the standard instrument-type current transformer under
short-circuit conditions to determine the comparative shapes
of the wave form on the secondary current as compared to the
primary and also to determine the phase relation between
these two. With a current transformer carrying a secondary
load of 40 volt-amperes at five amperes secondary current
and operating at twenty times full load and attempting to
deliver 16 kv-a. the iron in the transformer would have been
saturated long before this limit was reached and the wave form
considerably distorted. This would have some effect on the
use of directional relays containing potential elements. It
would appear to me that wave distortion would affect their
operation.

I do not believe it is practicable to set relays from the primary
side of the current transformer and it should not be necessary
to subject all your equipment to short-circuit strains for peri-
odic testing.

I -think that the current transformer may be tested at rela-
tively low values of current and ammeters placed in series with
the secondary winding will bring an indication of the normal
operation of the current-transformer and continuity of second-
ary wiring. It might be desirable to test the current trans-
former each time after testing the relay, and I believe that a
relay should be tested immediately after each operation re-
gardless of the time of the routine test.
The maximum indicating ammeter as mentioned by Mr.

Craighead is a desirable piece of apparatus for obtaining oper-
ating conditions under short circuit.

H. R. Woodrow: Some of our most severe system dis-
turbances have been due to failures in current transformers
and we have therefore adopted the single-turn type of trans-
former for our generating stations where very heavy short-
circuit currents are to be expected.
The record shown in Fig. 2 of the paper is for a standard

75-ampere single-turn current transformer without any special
precautions being taken for accuracy and although this is an
unusually low current for a single-turn transformer it is a
type which is to be found on the system. For standard 400-
ampere single-turn type of transformer the error would be in
the order of four to five per cent. The accuracy is largely
dependent upon the amount of secondary loading and, as a
matter of fact, the length of the secondary wiring changes the
characteristics of the relay settings even where identical relays
are used. We have even found conditions, where the second-
ary loading is so high on a low-rated single-turn current trans-
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former, that the relay was practically inoperative as insuffi-
cient current could be obtained due to the saturation of the
current transformer.
As pointed out by Mr. McKenzie, a series ammeter in the

secondary circuit of the current transformer will indicate con-
tinuity of service but it will not show the change in the numerous
contacts in the circuit which may come loose and thereby re-
quire abnormal secondary loading of the current transformer
which will entirely change the characteristics of the relay
setting.
We have made investigations determining the wave shape

of the secondary current of a current transformer up to 200
amperes (secondary current) and found that the wave became
very peaked but with the installation of directional relays, if
proper potential connections are made, this wave distortion will
not, change selectivity of direction, which is all that is required
of a directional relay
The single-turn and bus-type transformers are in the same

class giving considerably greater mechanical strength but a
tendency to poorer accuracy especially in th,e lower current
types.

I agree with Mr. Merrick that most generators and trans-
formers are capable of withstanding short-circuit currents for
a period of two seconds as regards heating but many are
not capable of withstanding the mechanical force produced
under short-circuit currents.
As pointed out by Mr. Conwell considerable care should be

taken in the connections of directional and balanced relays as
an improper connection will invariably result in failure of
proper selectivity.

0. C. Traver: I might say concerning the bushing trans-
formers that the single turn is considered just the same whether
it is directly around the core or whether it goes around by a
circuit of several miles; the difference is so slight that it is
scarcely noticeable.

I would like to make a plea in favor of using a higher turn
ratio on bushing transformers. From the manufacturers' stand-
point, time after time we have to ask the operating company
if we cannot use a higher tripping point for the relays. He
may think that we are trying to put something over on him,
but almost invariably it is for this same reason which has
been brought out several times this morning namely, that
the accuracy of a bushing transformer with about 70 amperes
turns (that is, 70 amperes with a single primary turn)
is exceedingly poor, especially when used with a time relay.
If instantaneous action is involved, it does not make much
difference. So, in general, if you can start at 150 amperes for
your minimum operating point when using your relays with
a bushing transformer, you will begin to get reasonably good
results.
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If you can, as Mr. Woodrow has just mentioned, use 300
amperes instead, you will begin to get accuracy equal to the
best accuracy you can get in an instrument transformer, and
sometimes much better on account of the much greater amount
of iron that is used in the single-turn transformer.

DETERMINATION OF RELAY SETTINGS
H. B. Vincent: The paper speaks of the successful relay

settings being three-quarters of a second. I would like to ask
if this is sufficient in all cases. Is it understood that the Con-
solidated Gas, Electric Light & Power Company of Baltimore,
and others use a shorter value very successfully, and I also
raise the question-"Does this entail anything special in the
relay or in the testing of the relay and breaker?"

J. R. Craighead: The improvement that has been made
within the last few years in the accuracy and speed of operation
of oil circuit breakers has rendered the shorter times spoken
of by Mr. Vincent practicable in a number of cases, and in
order to obtain the benefit of these shorter times a correspond-
ing improvement in relays is required. This improvement has
already made progress but there is still room for further ad-
vance along that line in order to keep the oil circuit breaker,
and the relay in such relation that we will not waste time in
either. I believe it is quite practicable to cut the differential
of time somewhat below the three-quarters of a second
mentioned with satisfactory results.
A thorough understanding of conditions is the most neces-

sary thing in the application of relays, and the difficulty of
getting that understanding has been mentioned in the paper.
The best way of getting the data is the practical method of
obtaining actual measurements when possible. Until recently,
this has been impracticable under operating conditions. By
the development of a new instrument called an "Impulse Am-
meter," records are now made of the approximate highest ef-
fective value reached during a short circuit on an operating
line. This device is an indicating ammeter with a current
scale high enough to cover the short-circuit current value.
Under the pointer is a record paper which under short circuit,
is punctured by a spark diseharge from the pointer, thus re-
cording the highest reading of the instrument during the short
circuit.
H. C. Albrecht: The Philadelphia Electric Company

adopted a short time ago the use of the cycle counter in setting
relays, and since that time on our 60-cycle relays we have been
using a time interval of twenty-five cycles or five-twelfths of a
second. That is based on allowing fifteen cycles or a quarter
of a second to the oil circuit breaker operation, and ten cycles
in addition for inaccuracies in relays, etc.

I would like to question whether too much attention is not
paid to reduction in bus voltage on short circuits, as our ex-
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perience has shown that the sustained short-circuit value is
not very much reduced from the instantaneous value.

Regarding the question of whether to set relays for
short-circuit conditions, I question whether it is necessary to
test at currents approximating maximum short circuits, as
most relay curves flatten very much before this point, and it
is the practise of our company, for instance, to set the relays
at the point where the curve starts to flatten.

N. L. Pollard: Mr. Don Carlos questioned the minimum
setting of relays on lines in tandem. The Public Service Elec-
tric Company maintain a difference of four-tenths of a second
between the settings of successive relays and get very satis-
factory results. It would seem to me that one-half of a second
would be sufficient for almost any type of relay that we have
on our system.

Will Mr. Don Carlos tell us what type of relay he referred
to? The relays that we are using are of the induction type,
and we have no difficulty at all in operating with a difference
in the time setting of four-tenths of a second.

R. N. Conwell: The Public Service Electric Company is
using a calculating table (See Fig. 4) similar to that referred to
on page 804. Such a table is necessary if successful relay
operation is to be obtained on large interconnected networks.
In many of these systems the mathematical calculation of the
short-circuit value of current is practically impossible, or at
least, very tedious. The table quickly supplies information
relative to the effects of changes in operation or design. The
work of making a complete analysis of a system is not much
greater than that necessary for relay settings so that the ruptur-
ing duty required of circuit breakers and other valuable data
may be obtained with the same set up and at the same time.

R. F. Schuchardt: In connection with the time-element
relays used in Chicago, our cable breakdowns now are more
severe than they were in earlier days before we had so much
power or so much ability to get energy into a fault. That
may be due to the increase in power or to the increase in
time setting or perhaps both.

D. A. McKenzie: Referring to Fig. 3 of the paper, it is
interesting to note that selectivity between breakers B and C
changes at about 4200 amperes and I would like to inquire if
the breaker capacity was the determining feature in this.
Should it not be necessary to have those curves so adjusted
that they do not cross.

I was interested to see that three-quarters of a second was
considered a permissible interval between relays. That ap-
pears rather short on account of the different types of circuit
breakers which would be used, some of which may operate
faster at one time than another, depending upon adjustment
since last operated and to mechanical condition.

I believe that the relay problem for protection of electric
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steel furnaces is an important one and can be solved if the wave
form of a primary current and the distortion in current trans-
formers under short-circuit conditions are considered.

H. R. Woodrow: Several have questioned the advisability
of allowing three-quarters of a second time interval between
consecutive relays for selective operation as shown in curves
of Fig. 3. There are a number of conditions which effect the
allowable time interval. First, the type of relay, its charac-
teristics and reliability; second, time of operation of the oil
switch (time from closing of relay contacts until switch rup-
tures the are); and third, the care with which the relays are set
and kept in operating condition.
As pointed out, several companies have found a shorter time

allowance desirable but I believe the conditions require a very
careful analysis, especially where a time allowance below three-
quarters of a second is considered.

It is interesting to note from Mr. Craighead's discussion that
a maximum indicating ammeter will soon be placed upon the
market which will give the operating companies a more accur-
ate indication of the currents experienced under short-circuit
conditions.

I would consider that if the relays are calibrated out to the
flat point of the curve, as mentioned by Mr. Albrecht, it would
give conditions approximating those under short circuit. We
do not feel however that proper selectivity can be obtained
unless the calibration point is carried out to this value.

Referring to Mr. McKenzie's questions regarding the changes
in characteristics of the different circuits, shown on Fig. 3, would
say that these characteristic curves were made in this manner
to reduce the time which a short circuit would be held on the
system near the generating station and still give selectivity
with the lower values of current when a short circuit occurs at
the end of the line. The dotted line in curve 3 shows the cur-
rent and selectivity when the short circuit occurs on the end
feeder.

METHOD OF TRIPPING
A. H. Lawton: In connection with the statement that

the use of circuit-opening relays for alternating-current tripping
has not given very satisfactory results, I beg to inquire what
has been the experience with automobile storage batteries for
tripping purposes? Has any contact difficulty been experi-
enced due to low voltage, or has the system been entirely satis-
factory?

N. A. Carle: The previous speaker asked about the use
of the automobile storage battery. We have been using auto-
mobile storage batteries in a 1000-kv-a. substation for about
two years and have had very good satisfaction.

H. C. Don Carlos: In regard to the use of automobile
storage batteries for a source of tripping current, we have used
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these rather extensively for the last two years and we have had
very good results with them and we have recently used the
ordiliary dry cell for tripping current very successfully and the
indications are that the maintenance cost on the dry cell will
be very much lower than with the storage battery and will give
equally as good results.

I might say that we have used both the lead cell and the Edi-
son battery for tripping current and I don't know that we are
in a position to say just at the present time whether one would
give better results than the other or how the maintenance and
operation charges would compare with the two.

D. A. McKenzie: I believe that the lead cell is going to be
more economical in maintenance than the Edison cell, but as
far as my experience goes the dry cell will be quite satisfactory
for the purpose of tripping switches in isolated stations. I
believe that there are some companies that are using dry cells
for tripping even switches with 125-volt direct-current control
with, as far as I know, perfectly satisfactory results.

H. B. Vincent: No mention is made in the paper of using
circuit-closing relays with alternating current by introducing
an auxiliary relay.

E. A. Hester: Those who have expressed themselves on
the subject are apparently of the same opinion as regards the
use of the automobile storage battery as a source of tripping
current. And in so far as we have been able to determine from
cases which have come under our observation the service ob-
tained has been very satisfactory.

Referring to Mr. Lawton's question as to whether difficulty
is experienced with contacts at such low voltage, we have known
of but little trouble from this cause and when such trouble
has appeared it has been overcome by means of a small aux-
iliary switch so constructed that a very positive and high con-
tact pressure was obtained. This solved the difficulty and
yet allowed the use of sensitive relays for selective action.
As regards the maintenance and operation of lead cells and

Edison batteries we do not have comparative costs, though as
stated by Mr. M\cKenzie, it is very likely the lead cell will be
more economical. It is also very interesting to note the state-
ments made by Mr. Don Carlos and Mr. McKenzie that dry
cells have actually been used for tripping purposes and have
given satisfaction even on 125-volt control circuits.

It is stated by Mr. Vincent that no mention was made in
the paper of using circuit-closing relays with alternating cur-
rent by introducing an auxiliary relay. From this we under-
stand that he refers to tripping directly from current trans-
formers on the power circuit. The chief reason for not includ-
ing this was that a complete description of the relays used and
of direct-trip relay schemes would have been necessary in order
to make such a discussion of any value. Therefore since the
Protective Devices Committee hopes to conduct some investi-
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gations on special problems, among which is that of direct
tripping, it was decided not to try to incorporate this in the paper.
However we may say that while several satisfactory methods
and schemes have been worked out, direct tripping is not yet
on the same footing with the use of a separate source. In our
opinion it is possible to devise some means of utilizing the
energy from current transformers which will be satisfactory for
tripping. The circuit-opening scheme has never proven very
satisfactory, more because of contact trouble than any thing
else, so there is evidently only the alternative of using a circuit
closing relay with auxiliary device.
One scheme which has been used with a certain amount of

success is that of taking the tripping current from a voltage
transformer connected to the station bus. The disadvantage
is that when trouble occurs the voltage is likely to fall so low
that sufficient energy can not be supplied by the transformer to
trip the circuit breaker. It would therefore appear that since
such a scheme is likely to fail on the worst cases of trouble,
just when it is most needed, its use would never be justifiable.

TYPICAL APPLICATION OF CURRENT DIRECTIONAL RELAYS
D. A. KcKenzie: The study of this paper indicates that

there is apparently no field for the definite-time relay, even for
protection of parallel groups of lines in tandem or for the ring
system, which cases would appear to me to be the most
logical places to use this type of relay where progressive time
settings are required. I am of the opinion that the definite-
time relay should not be used in transmission line protection
but it is a question in my mind whether the definite-time relays
should not be used for generator protection or for protection
against bus bar troubles. The current setting would be very
large under these circumstances and would be determined by
the sustained short circuit obtainable from the generator.

E. A. Hester: Mr. McKenzie states that in his opinion
definite-time relays should not be used for transmission line
protection. We understand this statement to refer to relays
having a strictly definite-time element and agree with Mr.
McKenzie from this point of view. However it must be re-
membered that practically all relays now manufactured are
made with a minimum definite-time element and in most cases
this is adjustable. This feature has proven itself to be very
valuable and while not a definite-time relay in a stricter sense
of the word it is often applied as one, current setting being
made at such values that operation is on the definite part of
the curve. The progressive time settings are obtained by ad-
justing the definite-time element.
As regards the use of definite-time relays for protection

against generator or bus bar troubles we believe it best to use
some form of a definite-time relay though the time interval al-
lowed should not be very long. As stated by Mr. McKenzie
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the current setting will necessarily be very high and for this
reason an adjustable minimum definite inverse-time-limit re-
lay can be used to an advantage as the operation will come on
the definite part of the curve.

BALANCED PROTECTION SCHEME FOR TRANSMISSION LINES
H. C. Albrecht: On balanced protection in order to obtain

continuity of service for two parallel lines, without the discrimi-
nating method as shown in Figs. 6, 7 and 8 of the paper, it would
be necessary to use four lines between stations, which I do not
believe is feasible in many cases.
The discriminating scheme shown in Figs. 9, 10 and 11 for

the operation of two or more parallel lines, seems to be full of
merit, particularly where the feeders are used between genera-
ting stations.

I would like to hear something in the discussion regarding
experience with split-conductor cables (which seem to be
rather expensive) being used by only two systems. I would
appreciate having first-hand information as to this experience
up to date.

D. A. McKenzie: The mechanically opposed type of
differential relay has not been mentioned and I know of one in-
stance where this type of protection is operating very satis-
factorily. This type of relay is not complicated with any poten-
tial elements and therefore should have a considerable field of
application.
The balanced type of relay used with the split-conductor

cable system seems to give quite satisfactory results, although
it is handicapped by considerable increase in the cost of cable
as the company using it is extending this system considerably.

N. L. Pollard: Someone raised the question as to what
results had been obtained with split-conductor cables. We
have ten split-conductor cables in service at the present time,
and the relay operation to date has been perfect. Since these
cables were put in service with proper relays, several insula-
tion failures have occurred and the operation of the relays was
perfect in each case. These failures occurred not only be-
tween the outer conductor and sheath but also between the
inner and outer conductor of a phase.

R. N. Conwell (by letter): It is to be noted that the trend
of relay development is toward the adoption of the balanced
principle as affording the best method of sectionalizing trouble
and cutting the faulty feeder out in minimum time. At the
present time, however, most of these schemes are open to one or
more serious objections and the limitations of each scheme
should be carefully considered before application is made.
Some of these objectionable or limiting features are as follows:

1. There seems to be a sharp line of demarkation between
protective schemes applicable to paired lines and those applic-
able to three or more lines, requiring an entirely new installa-
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tion of relay protection for three lines when the number of lines
in parallel is increased from two to three.

2. The balanced principle applied to parallel feeders will
not, as a rule, clear bus or other faults originating within sta-
tions or substations, since the fault current under these condi-
tions generally divides equally between the lines, thus main-
taining a balance. Additional over-current protection must
be provided if faults of this character are to be cleared auto-
matically.

3. When applied to paired radial feeders, some balanced
schemes fail with the occurrence of a fault at the substation end
of a feeder, due to equal division of fault current between
feeders.

4. When practical application is made of seemingly simple
balanced relay schemes, the resulting secondary wiring fre-
quently becomes complicated, introducing other weak links in
the chain of protective apparatus. Certainly the tendency
should be towards simplicity in apparatus and wiring, if rug-
gedness and uniform performance is to be obtained.
We have under construction or in operation on the Public

Service Electric Company of New Jersey system four complete
installations of relays, with several modifications in two cases,
which may be considered as on trial. It is hoped that sufficient
data will be available after a year's operation to make an accurate
comparison of the relative merits of the installations. Such com-
parison is not possible at the present time, owing to the diffi-
culty in obtaining correct settings in one installation, and lack
of operation in two others, the fourth being under construction.

A. W. Copley (by letter): A type of transmission system
not covered by the authors, but which is frequently met with,
has involved the development of a protective layout possessing
certain features which can be advantageously applied to the
more usual type of system involving parallel feeders.
On certain transmission lines, particuarly those for the trans-

mission of power to railway substations, located rather close
together, it is desirable to operate the substation bus on taps
from the transmission lines, rather than to sectionalize the
lines. This introduces a problem, which is not taken care of by
the schemes mentioned in the paper. It is necessary in this
case to disconnect one transmission line, in case of trouble due
either to ground or short circuit, from the bus at every sub-
station, as well as at the ends of the lines. Power directional
relays used in connection with breakers between the lines and
bus will adequately care for short-circuit conditions, as a short
circuit on one line will draw power from the other line through
the substation bus, and power flow through the breaker between
the affected line and bus will be in the reversed direction from
normal.

For the solution of the ground protection problem, balanced
protection between the two lines is unreliable on account of the
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possibility of the normal currents in the two lines being unbal-
anced. The desired protection may be obtained by the use of
power directional relays, connected differentially between the
conductors from bus to line and with potential coils supplied
by the voltage between an artificial neutral and ground.
With this connection, true directional action takes place on

the occurrence of a ground, as the direction of the potential ap-
plied to the relay is always dependent upon the particular
conductor which is grounded. For instance, on a single-phase
system, if a ground occurs on one conductor current in the
differentially connected relay will be in one direction, and if
the ground occurs on the other wire it will flow in the opposite
direction. The potential coil, when connected from neutral

WATER COOLED TRANSFORMER

Trans.Line(a)

Trans.Line(b)

Subs.Bus

Relay for Relay for
Short Circuit Protection Ground Protection

FIG. 5

toground will have its potential reversed in a corresponding
manner under such conditions. The arrangement for a single-
phase circuit is shown in Fig. 5. Three-phase protection will
be similar to it. The scheme has been used very successfully
on the electrifications of the P. R. R. between Philadelphia and
Paoli, and between Philadelphia and Chestnut Hill.

In order to apply the scheme it is only necessary to establish
an artificial neutral at the substation by the use of potential
transformers or resistances and to connect a potential trans-
former from this point to ground, making the connections
as indicated. It will be noted particularly that there is neither
current nor potential applied to the relay when the lines are
clear of ground, but when a ground occurs both current and
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potential are simultaneously applied in the proper direction
to cause selective action.
The scheme is also applicable to the protection of ordinary

parallel transmission lines when the neutral of the system is
grounded through high resistance, and consequently the current
flow incident to the occurrence of a ground may be so low that
it is of the order of the unbalanced current which might be
normally expected in the parallel lines. In such a case the
protection, as shown by the authors in Fig. 9, 10 and 11, will
not be satisfactory, but the scheme which has been described
will give full protection.

0. C. Traver: With reference to Mr. Albrecht's remarks
concerning the balanced scheme shown in Fig. 6 it might be
mentioned that this arrangement is applicable where the four
lines are installed for other reasons. In the instance cited in
the paper the substations were in loop formation and each
bus was connected by a pair of lines to each of two different
stations from which power was normally available. All the
lines were primarily needed for service.
Mr. Conwell states that for balanced schemes an entirely

new installation of relays is required when increasing the number
of lines from two to three. This is true of some schemes but
not of all. Space did not permit of a description of the various
possibilities in detail in the paper although in some cases
references were made to results which would be obtained with
varying numbers of lines in service. For example the scheme
illustrated in Figs. 12 and 13.

Regarding Mr. Conwell's objection to complication in bal-
anced schemes, it should be borne in mind that when trans-
mission systems become more complicated, successful pro-
tective equipment must also involve more complication. This
may be in the primary connections, the secondary connection
or in the contact and trip coil connections. The degree of
this complication and the least objectionable variety must
be decided in each case on its own merits.
The scheme described by Mr. Copley was not reported in

the replies to the questionaire. As the intention of the paper
was to catalogue actual experience any scheme which did not
have some operating company to stand sponsor was not in-
cluded. We are greatly indebted for this addition which other-
wise could not have appeared in the record. The mechani-
cally balanced relays referred to by Mr. McKenzie were not
mentioned for the same reason.

COMBINATION OF UNDER-VOLTAGE AND OVER-CURRENT RELAYS
FOR PROTECTING TRANSMISSION LINES

J. A. Johnson: In connection with the combination of
undervoltage and over-current relays, I would like to suggest
a modification which appears to me to be simpler and less
expensive in application. Instead of having the under-voltage
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relay operate locks on each individual circuit breaker, let it
simply control the supply of current to the tripping bus. The
circuit breakers are then left free to be operated by the control
switch, or by hand, but cannot trip automatically unless the
voltage relay has operated to connect the tripping bus to the
source of tripping current.

This plan, in its essential features, is in use by one of the power
companies at Niagara Falls in connection with its ground
relays. The system is a radial one, each feeder having a
relay connected in the neutral of its star-connected current
transformers. This relay is selective on grounds, the generator
neutral being grounded through resistance but the relay may
also operate in case of single-phase switching between two
feeders at the receiving end.
To obviate this, a relay was connected in the generator neutral,

arranged to control the supply of current to the tripping bus.
No feeder switch can be tripped by its ground relay unless
current is actually flowing in the generator neutral.

It seems to me that this system of combining the effects
of under-voltage and over-current for relay operation has
great possibilities, and is worthy of more general application
than it has yet had.

D. A. McKenzie: As far as I know the application of a
master relay for similar purpose at the Ontario Power Com-
pany's plant at Niagara Falls has been very satisfactory.

E. A. Hester: We are much interested in Mr. Johnson's
proposed modification of this under-voltage and over-current
scheme and can see no reason why it will not give the same
results as the one described in the paper. If anything the
modification is more desirable since it leaves the circuit breaker
free for manual operation which is certainly one thing in its
favor.

It is interesting to note that this scheme of controlling the
trip circuit by means of a relay has actually been successfully
used on another application. We are familiar with the ground
relay scheme although we have never heard of any trouble
due to single-phase switching. However it is easy to see that
the installation of a relay in the generator neutral to close
the control circuit would prevent tripping from this cause.
We agree with Mr. Johnston in his opinion that the possi-

bilities of combination under-voltage and over-current pro-
tective relays are great and believe the next few years will bring
forth developments which will overcome its present difficulty
and make its application more general.

GROUNDING THE NEUTRAL
P. M. Lincoln: I note in this report that apparently

the efficacy of the grounded neutral has been fairly well demon-
strated. There are two cases which have been cited in this
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report in which testimony is given that grounding of the
neutrals has given better protection and better operation.
The two cases cited today are those of the New York Edison
Company and the company out in Toledo.

This has been a thing which I have studied for many years
and have advocated, that is, the grounding of the neutral.
It is my opinion that reliability of service can be very con-
siderably increased if the neutrals of the systems be grounded
and the larger the system the more desirable such a move
becomes.

I happened some years ago to personally come into contact
to considerable extent with the system of the Montana Power
Company. That system has been growing rapidly. It is the
system, as you all know, which supplies power to the Chicago,
Milwaukee & St. Paul for their electrification across western
Montana. Years ago they operated delta-connected trans-
formers and ungrounded. At first they had very little trouble,
when the system was small, but as the system increased in
size and capacity they began to have considerable difficulty.
A ground or a short circuit at one point would apparently
cause a blow-up of apparatus maybe hundreds of miles away
and after studying the matter, the engineers of that company
decided to adopt the grounded neutral for their system.. They
did this about 18 months or two years ago and the testimony
from the engineers operating that system has been very defi-
nitely to the effect that the troubles which they have had
have been very materially decreased on account of the presence
of that grounded neutral.

F. D. Newbury: I wish to say a word in favor of the use
of the grounded neutral from the standpoint of generator
protection. In advocating the grounded neutral in order to
protect apparatus, we have often encountered the feeling on
the part of some operators that this increased protection was
only secured at the expense of more frequent interruptions to
service. That was an argument that a generator designer could
not very well combat, so I am particularly pleased to see in
both of these papers evidence that grounding neutrals is an
advantage, even from the standpoint of service. With that
argument removed, I hope that there will be a continued growth
in the practise of grounding neutrals.

N. A. Carle: In regard to grounding the neutral, I would
like to ask if anyone has had experience on moderate sized
systems entirely overhead, operating at 13,000 volts with the
grounded neutral, and if such systems have been using the
ground wire on their lines or not.

R. F. Schuchardt: This paper by Mr. Woodrow reminds
me very much of the vote by states on an amendment to the
Federal Constitution. The system in Chicago was, I think,
the first state to ratify the grounding of the neutral. Back in
1901 and 1902 certain investigations made by George Eastman,
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at that time head of our testing department, brought out very
conclusively to our minds that grounding the neutrals of the
system was the only proper way to operate. One by one the
other states have ratified and even New York is now in the
fold.

It might be worth while to state that the system in Chicago
is sectionalized, that is, we limit the total capacity which we
connect to a single section, separating the sections through
reactors. That limit at the beginning was 50,000 kw. and now
is at least doubled and may grow as the system grows. On each
section we ground only one of the units in operation. We
connect each neutral to a neutral bus which is connected to a
ground through approximately two and one-half ohms resist-
ance.

Originally we grounded solid but our experience soon indi-
cated that with the increased capacity, the destruction and
general disturbance resulting from a fault became very unde-
sirable and we have found from perhaps fifteen years' experi-
ence that that amount of resistance in the neutral, combined
with the relay system which we now use, is quite satisfactory.

E. E. F. Creighton: In regard to the grounded neutral,
going back to history, the following may be of some interest to
those who advocated a non-grounded neutral under certain
reservations. The arcing ground suppressor which was avail-
able a good many years ago made it possible to operate a
non-grounded neutral system with greater continuity of service
because of the fact that you could operate the system for any
length of time if that neutral was solidly grounded by a switch.
In that development, which was aided by the Public Service
Electric Company of New Jersey more than any other com-
pany, the radial system was in use and extremely good results
were reported from the use of the suppressor.
For reasons of economy, as have been pointed out in the

papers today and as all the operating engineers know, lines are
being connected together at both ends and in loops, and no one
has yet devised a way of localizing where the arcing ground is
taking place, unless a radial system is used.
As Dr. Steinmetz pointed out, there is nothing in the current

anywhere that would indicate which one of the many feeders
was grounded. Therefore, the method of protecting by the
use of the arcing ground suppressor fails because it is impossible
to open the circuit that is at fault. Since all systems are going
more and more to closed loops in one form and another, the
arcing ground suppressor has not been found a permanent
solution.

Naturally, with a grounding of the neutral the practise has
gone to the suppression of the arc by the use of a fuse in series,
following the same principle and practise as was first outlined
in the arcing ground suppressor. In that development, how-
ever, it has been found impossible to use a fuse, since the fuse
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takes a time to operate depending upon the amount of power
or the amount of currenot sent through it. When the system is
heavily loaded and all the power is available, the fuse will blow
in a very short time. That is the time when the fuse should
hold the longest in order to extinguish the greatest volume of
are. On the other hand, at some odd hour of the night, or of
the week, the power is at a minimum, the same fuse will hold
for an abnormally long time; in fact, long enough to trip the
circuit breaker so it has been found that the fuse is undesirable.

F. L. Hunt: About a year ago we grounded the neutrals on
our system and we feel quite certain that the operation of the
relays is much more definite and positive than it was before.
N. L. Pollard: Itmight be interestingto someof you to know

that we are going to ground the neutral of the Public Service
Electric Company's system at Newark, N. J. We came to a.
decision about three months ago that by grounding the neu-
tral, we would eliminate many of our troubles.
About seven or eight years ago we seriously considered

grounding the neutral, but since our system was operating dif-
ferently at that time, and since we would have been obliged to
establish several artificial neutrals. We finally decided against
grounding. At this time, we installed an arcing ground sup-
pressor, which apparently eliminated some of our troubles for
the time being, at least. As our system grew larger, our trou-
bles naturally increased until we decided recently that ground-
ing the neutral was absolutely necessary.
We have two hundred and fifty miles of cable and four hun-

dred miles of overhead lines in the Northern Division, which
is the part of the 60-cycle system which we anticipate ground-
ing.

A. E. Silver: I want to add a word of testimony to the
benefits of the grounded neutral system. In my work, I
have been associated with, at least three systems that were
initially constructed and operated isolated from the ground
which have been changed over to grounded neutral. In one
case, with a Y connected system it could be done very
easily; in the other two cases it was necessary to put on arti-
ficial neutrals. However, in each case the results have been
very good indeed. We have gotten much better service, fewer
punctures of insulation, fewer breakdowns of bushings and so
on, so that we feel very thoroughly convinced from our own
practise that the grounded neutral is practically the only sys-
tem for high-voltage transmission. I might say that these
systems that I have mentioned were each of 60,000 volts or
higher.

F. C. Hanker: The paper analyzing the operation of the
New York systems and giving the actual results for periods
prior to and immediately following the installation of neutral
grounding resistances is of particular value as confirming the
contention of engineers relative to the advantages of neutral-
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grounding. The relay committee has presented a paper out-
lining the more general relay problems and it is suggested that
they extend their activities to include a survey of the different
systems that are operating with the grounded neutral.

There has always been a hesitancy among operating engi-
neers to grounding the neutral due to the feeling that continuity
of service would be seriously affected. That is one feature that
is easily understood, whereas the contention that the operation
of an ungrounded system with a partial ground was dangerous
and likely to have more serious results than the interruption of
service on individual feeders was not so self evident.
The information given in the paper prepared by the Com-

mittee on "Relays and Protective Devices" would indicate
that the operators are recognizing the condition that exists.
We believe that a review of the experiences of these various
companies as suggested, will be of advantage in convincing
operators on systems that are ungrounded of the advantages of
this method of operation.
Four different methods of grounding the neutral are des-

cribed. The first scheme using zigzag transformer and limiting
resistances operat;es on relatively small currents and is applic-
able to systems where sheath-type transformers can be used.
A modification of this arrangement using three current trans-
formers connected in star and arranged with a low-current
relay in the neutral connection will give similar operating
results.
The second method outlined by Mr. Woodrow is probably

one that is more generally used, the resistance varying from
zero, corresponding to a solid ground, to six to eight ohms.

Probably the reason this method is the one most generally
used is that it can be applied to existing systems with minimum
change. It involves, of course, the use of current transformers
in all three phases of each feeder in order to insure protection
of all conductors.
Where the feeders are of relatively small capacity the adop-

tion of this scheme does not require excessively heavy ground
currents and avoids unnecessary damage to apparatus and
cables in cases where grounds occur. A combination using
this method on the small current feeders and adopting the relay
connected in the neutral of the current transformers will
probably meet the needs of the majority of installations and
still avoid radical changes in the lay-out.

H. R. Woodrow: Mr. Hanker states that the three current
transformers connected in star, with a low-current relay in the
neutral, will give results equal to the special grounding trans-
formers and I would like to point out that extra precautions
are necessary as the third harmonics, produced in the three
current transformers star-connected will cause considerable
current to flow in the neutral, and although this arrangement
is practical, special precautions in regard to this must be taken.
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On a high-resistance ground where they have had trouble
with the standard relay protection, I feel that a special ground
relay should be given very serious consideration. This is very
simple to do and we have adopted it throughout our system,
with very good results. The grounded feeders are disconnected
from the system before short circuit develops in 85 per cent of
the cases.
The method of grounding is dependent to a large extent

upon the system. We have shown four different methods in
which we have grounded various parts of our system, and in
each case the method of grounding was adopted because of the
special condition under which that system must operate. It
might not be clear that in some of these cases the method will
operate only on a radial system.

In Fig. 3 the grounding there by means of potential
transformers can only be accomplished where the feeder is
isolated at both ends by power transformers. The method as
shown in Fig. 1 necessitates the use of a ground relay in the
substation, where everything is in parallel operation.


